NF-κB-ISGF3 Transcription Factor Cooperation: Coincidence Detector or Memory Chip?  by Levy, David E.
Immunity
PreviewsNF-kB-ISGF3 Transcription Factor Cooperation:
Coincidence Detector or Memory Chip?David E. Levy1,*
1NYU School of Medicine, 550 1st Avenue MSB550, New York, NY 10016, USA
*Correspondence: david.levy@nyumc.org
DOI 10.1016/j.immuni.2010.07.011
Induction of gene expression involves deployment of transcription factors. In this issue of Immunity, Farlik
et al. (2010) provide a view in which cooperation between transcription factors NF-kB and ISGF3 divides
the task of transcription by recruiting and activating distinct components of the transcriptional machinery.NF-κB corecruits TFIIH
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Figure 1. NF-kB Activated in Response to
Bacterial Infection Recruits the Kinase TFIIH
TFIIH remains chromatin associated, even after
NF-kB departs. Once IFN signaling causes recruit-
ment of ISGF3, RNA Pol II is corecruited and its car-
boxy-terminal tail becomes a substrate for phosphor-
ylation by TFIIH.The innate immune response serves two
major functions during infection. It de-
velops a microbialstatic and microbialci-
dal state that impairs bacterial and viral
replication. It also augments the adaptive
immune response to potentiate the devel-
opment of sterilizing immunity. Both of
these functions are regulated largely
through the de novo induction of genes
encoding potent effector proteins. Aug-
mentation of adaptive immunity is medi-
ated by differentiation, maturation, and
survival signals that synergize with the
antigen-specific stimuli necessary for
lymphocyte proliferation and function.
However, direct antimicrobial effector
proteins provide more stand-alone func-
tions that can be toxic not only to invading
pathogens but also to host cells. As such,
they must be tightly regulated to avoid
cellular damage.
Stimulation of innate immunity by path-
ogens is mediated by relatively invariant
structures, such as bacterial cell wall
components and bacterial and viral nu-
cleic acids. These signals activate host
transcription factors to stimulate gene
expression. Two important classes of
activated transcription factors are the
NF-kB and IRF families. These factors
activate genes directly and also lead to
production of inflammatory cytokines,
such as type I IFN (IFN-I) that further stim-
ulate cellular gene expression. IFN-I
production both amplifies and diversifies
the response and is an essential compo-
nent ofboth innate andadaptive immunity.
A large set of genes is induced by IFN-I,
termed IFN-stimulated genes or ISGs. An
essential regulator of most ISGs is the
transcription factor ISGF3, composed
of tyrosine-phosphorylated STAT1 and
STAT2 complexed with IRF9 (Levy and
Darnell, 2002). Some ISGs, in addition torequiring ISGF3 for expression, also
require additional transcriptional activa-
tors. One such class of genes requires
both ISGF3 and NF-kB, but how these
factors cooperate and why they are both
required has remained largely mysterious.
Illuminating this mystery is where Decker
and colleagues have now come to the
rescue (Farlik et al., 2010). In an elegant
set of experiments addressing the induc-
tion of the Nos2 gene (encoding iNOS)
during Listeria infection, they have demo-
nstrated that NF-kB and ISGF3 effect
a strict division of labor to activate tran-
scription from the Nos2 promoter.
Inducible gene expression has been
classically described through a recruit-
ment model, in which signal-activated
transcription factors are recruited to pro-
moter-proximal DNA elements, followed
by recruitment of coactivators, chromatin
modulators, and the general transcrip-
tional machinery, including RNA poly-
merase (Pol) II. However, recent evidence
has suggested that this pure recruitment
model is too simplistic. The mere recruit-
ment of transcription factors is often
insufficient to trigger transcription, as
evidenced by silent genes with preloaded
factors, including paused Pol II (Adelman
et al., 2009; Hargreaves et al., 2009;
Ramirez-Carrozzi et al., 2009). Thus, there
must be multiple steps necessary to
engage polymerase and convert it into
a functionally elongating enzyme that go
beyond the simple presence of bound
factors. What Decker and colleagues
have now shown for the Nos2 promoter,
and other genes of this class, is that
NF-kB is required to recruit and probably
activate the kinase TFIIH which is neces-
sary for modifying Pol II, whereas ISGF3
is required to recruit Pol II itself (Figure 1).
Remarkably, these two steps need not beImmusimultaneous, because NF-kB is capable
of stably depositing TFIIH at the promoter,
where it can await the arrival of Pol II
recruited by ISGF3. This division of labornity 33, July 23, 2010 ª2010 Elsevier Inc. 1
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the Nos2 promoter only after both an
NF-kB and an IFN-I signal. And this coin-
cidence detector has a built-in integrator
function that allows separation of the
two activating events in time. It also
displays memory, since the NF-kB signal
can precede the IFN-I signal by up to
24 hr. Despite the transient nature of
NF-kB activity, the Nos2 promoter
remains marked by the retention of the
deposited TFIIH, poised to fire after
Pol II recruitment.
These data add to the appreciation that
factor recruitment alone is not sufficient
to activate gene transcription and show
that preloading of the transcriptional ma-
chinery on poised promoters may be the
norm. Other examples of inducible
changes at promoters that convey a
memory effect of preceding events have
been described, including histone modifi-
cation, chromatin remodeling, and reposi-
tioning of genes within the nucleus,
changes that convey a stable primed
status (Brickner, 2009; Francis and King-
ston, 2001; Kundu et al., 2007). However,
this may be the first example of the
semistable recruitment of a component
of the transcriptional machinery itself, a
kinase that acts directly on Pol II.
Despite the elegance of these experi-
ments, they raise a number of questions.2 Immunity 33, July 23, 2010 ª2010 ElsevierDecker and colleagues actually interpret
their data largely within the paradigm of
the factor-recruitment model of gene ex-
pression. However, one wonders whether
recruitment is the major regulatory event
rather than some yet-to-be defined cata-
lytic trigger. Amajor unanswered question
is why the Nos2 promoter fails to fire after
NF-kB or ISGF3 recruitment alone, since
many other genes appear to be function-
ally transcribed in response to only one
of these transcription factors, even
though they require Pol II modification
by TFIIH. Is it the sequence context of
the Nos2 promoter that dictates its
dependence on NF-kB plus ISGF3 or is
it the presence of preloaded factors that
somehow restrict its activity? It is unclear
whether the current experimental tech-
niques are sufficient to address these
issues. For instance, iNOS expression,
like most ISGs, is stimulated from near
silent expression to very robust rates of
transcription. And yet, the recruitment of
factors revealed by ChIP assays is at
best a few fold. Does this discrepancy
tell us that factor recruitment in response
to signaling is only a minor component
of regulation, with the major transcrip-
tional function being dependent on pre-
loaded factors, or does it indicate that it
is impossible to quantitatively account
for all aspects of gene regulation withinInc.the limitations of currently available tech-
niques? Consideration of the data from
Farlik et al. (2010) in the context of the
multiple biochemical events required to
convert a silent gene into a functionally
active transcription unit suggests that
there remains much mystery yet to be
deciphered concerning the mechanistic
details of inducible gene expression.REFERENCES
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Follicular dendritic cells (FDCs) are key organizers of B cell follicles and germinal centers. In this issue of
Immunity, Suzuki et al. (2010) and Garin et al. (2010) identify the roles of Toll-like receptors in the responses
of FDCs, providing a unique link between innate and adaptive immunity.Follicular dendritic cells (FDCs) have long
been recognized as key organizers of B
cell follicles, both in secondary lymphoid
tissues such as the spleen, lymph nodes
(LNs), and Peyer’s patches (PPs) and inreactive sites around localized infections
and chronic inflammatory reactions
where they are referred to as tertiary
lymphoid follicles. Central to the function
of B cell follicles is the development ofgerminal centers (GCs) where coopera-
tion of multiple cell lineages leads to
the formation of isotype-switched, high-
affinity immunoglobulin and the establish-
ment of humoral immune memory. In this
